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in the 28 and 40 QHx Preqouncy Bands
for LMDS Applications

Stanford Telecom
Reston, VA

The following analysis was prepared at the request of Hughes
Communications Galaxy., Inc. for inclusion in its Comments to the
Federal Communications Commission on the pending propeosal to make
frequency bands above 40 GHz avialable for commercial services.

The Commission has expressed 1ts belief that the uses of the
millimeter spectrum are likely to be technically and
cperationally similar to those contemplated in the 28 GHz band
for the LMDS service.! We have analyzed the propagation
differences between the 28 GHz and the 40.5-42.5 GHz bands and
the effects of those differences on one of the LMDS eyetem
designs that has been proposed at 28 GHz. We conclude that the
40.5 to 42.5 GHz band can provide eeecntially the same
performance characteristics that are currently proposed for
typical LMDS systems in the 28 GHz band.?

The transmission characteristics of the 40.5 to 42.5 GHz band are
determined by the same propagation effects that are present in
the 28 GHz band.' The major propagation factours allecling
communications links in both the 28 or 40 GHz bands are produced
Ly tain, by bluckaye [ruwn foliage, and by reflection and
diffraction from buildings or structures. The effects of each of

! Docket No. 94-124, at paragraph 23.

2 Suite 12 performance characteristics as reported in
"Report of the LMDS/FSS 28 GHz Band Negtiated Rulemaking

Cormmitee, " Appendix 6, Septemher 23, 1964

3 See Sec 2.6, L. J. Ippolito, "Radiowave Propagation in
Satellite Communications, Vanm Nnstrand Reinhold, New York, 1986.
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these factors on system performance are well understood and
estimates of performance can be reliably developed for typical
systems in either of the two bands. A summary of each of the
three propagation factors and their relative impact on the 28 and
40 GHz bands follows.

Rain Effects Signal attenuation due to rain at 41.5 GHz will be
about 2.7 dB/mi greater than at 28.5 GHz, for 95.9%-of-the-year
link availability, for the New York, NY climate region.® The
additional rain losses on the 40 GHz fregeuncy band can be
overcome by reasonable adjustments to the LMDS equipment
parameters. Consider, by way of example, the design of one
proposed 28 GHz LMDS system which specifies a 100 watt transmit
power, 10 dB hub transmit antenna gain, and 6.9 inch subscriber
receiver antenna. This parameter compination is claimed to yield
a high quality picture at a typical subscriber site at the edge
of a 3 mi radius cell in New York, for at least 99.9% of the
year, with a 7 dB backoff and a multiplex of 50 FMTV channels.’
Three examples of adjustments to the above 28 GHz LMDS system
parameters that would allow the same performance in th 40 GHz
band are: (a), keep antenna sizes and all other system parameters
the same, and accept a slightly lower signal availability at the
edge of coverage, (b), increase the hub transmit antenna gain, or,
(c), increase the subscriber unit antenna size. Each of the
three alternatives are briefly discussed below.

(a) The first alternmative involves keeping all system elements

¢ Calculation for Crane Region D2, and the Crane Global
Model, using ITU-R polarization dependent attenuation
coefficients, and vertical linear polarizarinon. See "Propagation
Effects Handbook for Satellite Systems Design, NASA Reference
Publication 1082(04), Feb 1989.

3 Suite 12 system characteristics, as reported in
" Report of the LMDS/FSS 28 GHz Band Negtiated Rulemaking
Cormitee, " Appendix 6. September 23, 1984
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essentially unchanged in size and in power level, and accepting a
slightly lower signal avallability at the outer edges of the cell
area, in return for a system with similar components and costs.
An LMDS system designed for a 99.9% availibility at 28.5 GHz
would experience a reduction to about 99.84% if operating at 41.5
GHz with the same system parameters (cell size, antenna aperture
sizes, transmit power, etc.). These levels correspond
respectively to 8.76 hrs/year at 28.5 GHz and 14.0 hrs/year at
41.5 GHz. 1If we assume that the LMDS service is used on average
7 hrs/day. then the periods of slightly degraded performance
would only differ by about 92 minutes over a year between the
28.5 and 40.5 GHz LMDS systems, and then only for subscribers at
the edge of the cell.

This slightly lowered availability would still be better than
industry standards for delivery of videc programming. The
European 40 GHz MVDS system acceptable performance requirement 1is
set at 99% of the worst month®, which corresponds to a 99.7%
level on an annuual basis (26.3 hrs/year)’. A 41.5 GHz LMDS
system designed to the 99.84% acceptable level of performance
would therefore perform better than the European 40 GHz MVDS
system specification (by about 12.3 hours per year). Moreover,
the broadcast satellite service industry (in both European and
North American markets) has deployed systems that are designed
for a 99.7% link availability which a3re not only viable but have
attracted millions of subscribers. It therefore is reasonable to
conclude that similar availabhility levels for the LMDS would be
no deterrence to system acceptance.

& See, for example, Report 40GWG(94)12 of the 40 GHz MVDS
Working Group, Radiocommunications Agency., U.K.,4 October 1994,

7 See Recommendation ITU-R PN.B841, "Conversion of Annual
Statisticg to Worst-Month Statigtice," Geneva, 1992.
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(b) The same system performance achieved at 28 GHz, with the
same cell radius, can be achieved in the 40 GHz band with the
same transmit power (100 watts), the same subscriber unit antenna
size (6.9 1n diameter), and a hub antenna gain increase from 10
dB to about 18 dB. This additional gain can be achieved by a
modification of the antenna structure, with virtually no
additional cost, since active components are not involved.

(c) The third alternative for achieving the same performance in
the 40 GHz band with the same cell radius can be accomplished by
keeping the hub antenna size the same and increasing the user
subscriber antenna size from about 6.9 inches to about to about
12 inches. This design could provide additional benefits because
the narrower user antenna beamwidth leads to reduced interference
and improved sharing and freguency reuse.

Another important consideration related to the effects of rain on
propagation is the variation of rain loss with locatien. The
path loss for the Miami region, for example, is significantly
higher than for New York. for the same link availability level
(8.6 dB/mi vs 3.6 dB/mi at 28.5 GHz, and 99.9% availability}®.
The variation of rain loss with climate ran he a more significant
factor than the variation of rain loss with frequency of
operation: the rain loss in Miami at 28 GHz exgeeds the rain loce
in New York at 41.5 GHz, for the same availability level. It 1is
for this reason that the c¢ell sizes proposed for citiee with high
rainfall are much smaller than for those cities with lower
rainfall. A viable LMDS syetem deeigncd for operation throughout
the continental U.S. would require more system design flexibility
to adapt to regional variabilities than it would to change from
the 28 to the 40 GHz frequency band.

Calculation for Crane Region E, see Note 4.
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It 1s important to note that the performance levels discussed
here are not "loss-of-service' levels, but are levels where
performance falls below a specified level of ideal picture
quality. Video pictures that are sglightly below the i1deal level
still would be viewable most of the time. Actual loss of service
would occur for much shorter time periods, and would depend on

the design of the receiver and signal enhancememnt techniques
employed in the LMDS system design.

Cne final point about rain effects: cross polarization
interference (depolarization) can also be induced by rain. This
interference occurs with the introduction of undesired noise
energy in the frequency band where the desired signal is present.
Cross polarization interference levels experienced for the rain
rates at the link availability levels discussed above, however,
are significantly below desired signal levels (by 30 dB or more),
in gither the 28 or 40 GHz fregquency bands. Therefore, rain
depolarization is not a problem for LMDS at either of the bands
under discussion.

Foliage Effects Foliage loss introduces significant path loss at
all frequencies above 10 GHz. Direct measurements of signal
attenuation through leafy and non-leafy foliage. at frequencies
of 3.6, 28.8,and 57.6 GHz,®’ leads to the following observations
regarding the 28 and 40 GHz bhands and TMNS systems: the 40 GHz
band will exhibit about 10% higher foliage attenuation than at 28
GH7. for both leafy and non-leafy c¢onditions, however, in all
cases, foliage loss from passage through asg few as two trees
significantly exceeds 10 4B and often exceeds 20 dB.

It is reasonable to conclude that very littlec intcrvening foliage

4 See F. Schwering, E.J. Violette, R.H. Espcland,
"Millimeter-wave propagation in vegetation: Experiments and
Theory, " IEEE Trans. Geoscience and Remote Sensing, Vol 26, No.
3, May 1988,



will be tolerable for viable LMDS service in either band, and the
differences in foliage losg between the 20 and 40 GHz bands are
inconseguential.

Reflection and Diffraction Effects of Buildings and other
Structures Radio signals at the millimeter wavelenghs under
consideration here generally travel in straight lines. As a
result, receiving sites that do not have a clear line-cof-sight
(LOS) path from the transmitter cannot receive the signal unless
it 18; a) reflected or "bounced" from a structure that 1s in LOS
of the transmitter, or, b) diffracted or "bent" around the
obstacle in the LOS path. A comparison of the reflection and
diffraction effects of buildings on transmissions in the 28 and
40 Ghz bands has been carried out by two analytic methods:
classical Fresnel-Kirchoff infinite knife-edge diffraction
theory?®, and the uniform geometric theory of diffraction (UTD)!.
The UTD model was applied using reflection loss values obtained
from measurements made on several types of buildings in an urban
environment .?

The results of the two approaches are in agreement and lead to
the following observations: diffraction into the geometric
"shadow" region behind a building occurs in both frequency bands.

10 See Recommendation ITU-R PN.526-3, "Propagation By
Diffraction," ITU, Geneva, 1992.

n See R.G. Kouyoumjian and P. Pathak, "A uniform
geometrical theory of diffraction for an edge in a perfectly
conducting surface,", Proc. IEEE, Vol. 62, No. 11, pp. 1448-14¢61,
Nov. 1974, and, W.D. Burnside and K.W. Burgener, "High Fregquency
Scattering by a Thin Lossless Dielectric Slab,* IEEE Proc. on
Antennas and Propagation, Vol. AP-31, No. 1, pp. 104-110, Jan.
1983.

12 See E.J. Violette, R.H. Espland, R.O. DeBolt, and F.
Schwering, "Millimeter-wave propagation at street level in an
urban environment,” IEEE Trans. Geoscience and Remote Sensing,
Vol. 26, No. 3, May 1988.



and the signal levels at any point in the shédow region are
similar. The signal level decreases extremely rapidly as one
moves into the shadow region, and the shadow boundary region
(1.e., the region where diffraction makes non-line-of-sight
operation possible) is very small at either frequency.

Reflections from buildings can alsc yield usable signals at
receiving sites that operate in a shadow region, however both
analytic approaches discussed above, confirmed by recent
laboratory measurements®’, demonstrate that the levels of the
reflected signal at 40 GHz are only 1 to 3 dB less than those at
28 GHz. Therefore, in regions where reflected non-L0S
transmissions are available at 28 GHz, they would also be
available at 40 GHz, with very little impact cn performance.

Depolarization will result from sgcattering or reflection from
rough surfaces, however depolarization measurements from UHF to
55 GHz show no discernible dependence on frequency of operation,
under similar multipath conditions.!* This type of
depolarization will result in interference levels which are 10 to

20 dB below the desired signal level for either the 28 or 40 GHz
bands.

conclusions A review of the major propagation characteristics in
the 28 and 40 GHz bands. with emphasis on their effects on TMNDS
performance, was accomplished. The effects of rain, foilage, and

reflection and diffraction from obstructions were discussed. The

13 See description of laboratory measurements conducted at

NASA's Lewils Research Center, for reflections from concrete

block, metal, wood, and glass, provided in NASA's Comments to ET
Docket No. 94-124 RM-8308, dated January 30, 19%5.

14 See, for example, H.J. Thomas, G.L. Sigqueira, R.S.
Cole, "Polarization diversity for urban millimetric mobilc radio
communications: Comparison of initial propagation measurement

results with prediecion," Proc. of 42nd IEEE Veh. Technol. Coaf.,
Denver CO, May 1992.



impact on signal attenuation and depolarization were quantified
to access system performance in the 28 and 40 GHz bands. We
conclude that the 40 GHz band can provide essentially the same
performance characteristics as those currently propcsed for
typical LMDS gystems in the 28 GHz band, with reasonable
adjustments to LMDS system parameters.
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TECHNICAL STATEMENT

This Technical Statement has been prepared for Hughes
Communications Galaxy, Inc. ("Hughes") for inclusion in its
Comments on the Commission’s Notice of Proposed Rulemaking in ET
Docket No. 94-124 {the "NPRM") .

In the millimeter wave frequency bands that the
Ccmmission is proposing to open for commercial use, including
40.5-42.5 GHz, the Commission has proposed to limit the power of
licensed transmitters to 16 dBW equivalent isotropically radiated
power (EIRP). (NPRM at 9 33.) The Commission explained that
this limit was "based on: 1) an assumed limit of -20 dBW of
transmitter power, which is likely to be typical of commercially-
affordable microwave integrated circuits in the near future; and,
2) an antenna gain of 36 dB, which we believe will be typical of
eccnomical antennas and transmission systems in the near future."
id.

It appears that the Commission’s proposed EIRP limit is
based on the assumption that transmitters operating akbove 40 GHz
would employ solid state power amplifiers (SSPAs). However, some
proponents of the LMDS systems currently proposed for 28 GHz have
indicated their intention to use travelling wave tube amplifiers
(TWTAs) in their systems. While the Commission’s proposed EIRP
limit would be sufficient to accommodate 40 GHz systems that use
SSPAs, it would foreclose the use of TWTAs, unless the EIRP limit
were normalized to a referenced bandwidth.corresponding, for
example, to a single TV channel as suggested below.

As set forth in Hughes’ Comments, the 40.5-42.5 GHEz

band can suitably accommodate LMDS systems of the type currently



proposed for the 28 GHz band. Hughes has indicated various

options for achieving the same, or equivalent, performance at 490

GHz with minimum, or no, changes to the technical parameters of

the 28 GHz system designs. These options include:

(a) maintaining the same transmit power (100W),
transmit antenna size, cell size, and receive
antenna size, but accepting a lower signal
availability for a specified television picture
quality {(Option A);

(b) mailntaining the same transmit power (100W), cell
size, receive antenna size, and availability, but
increasing the transmit antenna gain from 10 to 18
dB (Option B}; and

(c¢) maintaining the same transmit power (100W), cell
size, transmit antenna size, and availability, but
increasing the receive antenna size from 6.9 to 12
inches (Option C).

To determine the EIRP levels corresponding to these
options for comparison with the limitc proposed by the Commission
for the Licensed Millimeter Wave Service (LMWS), it should be
noted that, in the Suite 12/CellularVisicn 28 GHz LMDS system
design used as a "baseline" for comparison purposes:

(1) the 100W (+20 dBW) of transmit power is produced
by a TWTA which is "backed cff" by 7 dB so that
the power fed to the transmit antenna is 20W (+13
dBW) , and

(2) this power is used to transmit a multiplex of
about 50 television channels occupying a bandwidth
of 1000 MHz. '

Therefore at 28 GHz, the proposed EIRP is 13 (transmit

power) + 10 (antenna gain) = 23 dBW, distributed over a 1000 MHz

pandwidrch containing f£ifty TV channels. For the options

considered in the 40 GHz band, the corresponding EIRPs would be



(a) 26.3 dBW (Option A)Y;
(b) 31 dBW (Option B)%; and

7

(c) 26.3 dBW (Option C)¥;

eacn measured over a 1000 MHz bandwidth containing fifty 20 MHz

TV channels, and assuming the use of a 100W TWTA in the 40 GHz

band.

Alternatively, an LMDS system could use a separate

sclid state power amplifier (SSPA) for each television

channel.? Assuming the use of SSPAs, the required transmitter

power fed to the antenna in the 40 GHz band would be 20W/50 =

0.4W

(-4 dBW) per channel, and the EIRP per transmitter for the

three system design options wculd be:

(a) 9.3 dBW (Option A)¥;
(b) 14 dBW (Cption B)¥; and

(c) 9.3 dBW (Option C)¥;

jus

>

This is the sum of (i) 13 dBW (transmit power), plus (ii)
13.3 dBW (antenna gain) .

The antenna gain includes the 3.3 dB increase that results
from increasing the frequency from 28 GHz to 41 GHz while
keeping the physical size of the transmit antenna unchanged.

This is the sum of (i) 13 dBW (transmit power), plus (ii) 18
dBW (antenna gain) .

It is not necessary and it may not be cost effective to use
a TWTA at 40 GHz. While SSPAs may be a better alternative
for many reasons, including the fact that each channel has
an independent transmitter, the licensee should have the
flexibility to choose the equipment that best suits its
needs.

This is the sum of a (i) -4 dBW (transmit power), plus (ii)
13.3 dBW (antenna gain).
This is the sum of a (i) -4 dBW (transmit power), plus (11)

18 dBW (antenna gain).



each spread over a 20 MHz bandwidth.?

Using SSPAs where a separate 0.4W transmitter is used

Fh

cr each 20 MHz channel, the LMDS system would easily comply with

T

he 16 dBW limit proposed by the Commission. Using TWTAs where a
single transmitter’'s power is spread over the full 1000 MHz
occupled by the 50 channels, the values pased on use of a 10CW
TWTA (backed off 7 dB to 20W) in the 40 GHz band presumably would
not comply. Nonetheless, whether it uses fifty SSPAs or a single
TA, the system would generate the same amount of power
distributed in the same way over the same total bandwidth.
Therefore, the actual radiation levels over the occupied 1000 MHz
are exactly the same, regardless of the power amplifier used,
even though only one type of amplifier ccnfiguration would appear
to comply with the limits.

One way to resolve the apparent contradiction would be
to normalize the EIRP limit to an appropriate reference bandwidth
such as that occupied by a single television channel. To make
sure that the limit would be applicable to the variety of signals
that future LMDS systems might transmit (including non-video

sigrals and interactive return links), further study is required.

Clonid £ Somhod

Edward E. Reinharc
Telecommunications Consultant
6449 Linway Terrace

McLean, VA 221.0%

January 30, 19295

5. The Commission’s assumption about the power levels that

likely will be available from commercially affordable sclid
state amplifiers in the near term (-20 dBW (0.1W)) is much

too conservative.

>
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Served as a U.S. Delegation spokesman and/or advisor on satellite issues at World
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Stockholm 1989, Sydney 1990; Extracrdinary Meeting on HDTV issues of Study Group 11
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these requirements in the face of existing regulatory constraints.

Managed major COMSAT proposal preparation efforts.

Coordinated the development of COMSAT’s positions on the technical aspects of domestic
and international regulatory issues.

Directed the preparation of supporting technical analyses and filings with FCC.

Provided management of or representation on industry trade associations, on government
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